Introduction
The anticonvulsant properties of Phenytoin (Dilantin, Epilan), one of the important drugs employed for the treatment of generalized convulsions, are responsible for the synthesis of many hydantoin analogs [1] [2] [3] . The structural characteristics of hydantoins and spirohydantoins are interesting in view of the development of novel drugs [4] and for better understanding the structure-activity relationship. As part of our research on the characterization and biological activity of amino-cycloalkanespiro-5-hydantoins and their metal complexes, a series of five such compounds were synthesized and their biological activity described [5, 6] . Recently the crystal structures of two polymorph modifications of 3-amino-cyclohexanespiro-5-hydantoin have been published [7] . In this paper we report the crystal structure of the cycloheptane (I) and cyclooctane (II) derivatives ( Fig. 1 and Scheme 1) and compare observed molecular geometries with those optimised by density functional theory (DFT) ct Scheme 1. Chemical diagram of molecules (I) and (II) along with the introduced general set of labels in round brackets.
Experimental

Materials
Compounds (I) and (II) were prepared according to a previously reported procedure [5] . The 3-aminocycloalkanespiro-5-hydantoins were synthesized from cyclohexanone and cycloheptanone to cycloalkanespiro-5-hydantoin following the Bucherer-Lieb reaction. After that cycloalkanespiro-5-hydantoin were transformed into 3-aminocyclo-alkanspiro-5-hydantoin by means of NH 2 NH 2 •H 2 O. The obtained powder materials were purified by re-crystallization from methanol-water (mol. ratio 2:1) solution at 333 K. Crystals suitable for X-ray structural analyses were obtained after slow crystallization from ethyl acetate solution at 277 K.
DFT calculations
The DFT calculations were performed with the GAUSSIAN-03 program package [8] . The calculations employed the B3LYP (Becke three-parameter LeeYang-Parr) exchange-correlation functional, which combines the hybrid exchange functional of Becke [9, 10] with the gradient-correlation functional of Lee, Yang and Parr [11] and the 6-311++G(d, p) basis set [12] . Starting geometries were taken from X-ray refinement. Vibrational frequency analysis has been performed to characterize structures as minimum energy conformations.
Results and discussion
Crystal parameters and structural refinement details are summarized in Table 1 . Selected bond distances and angles are listed in Table 2 and hydrogen bonds geometries are described in Table 3 . ORTEP drawing diagrams of the molecular structures are shown in Fig. 1 , and a "general label set" is introduced in Scheme 1. Packing diagrams with hydrogen bonding interactions are presented in Fig. 2 and Fig. 3. 
Molecular structure
In (I) two symmetrically non equivalent molecules exist in the asymmetric unit. The bond distances and angles in the hydantoin moieties are comparable to those observed in the corresponding cycloheptane- [14] and cyclooctanespirohydantoins [15] , and in the imidazolidine-2,4-dione (hydantoin) [16] . As expected the heterocyclic ring is affected by a π-conjugation of amide type [16] which is evident from the values of the N-C bond lengths (N1-C2, C2-N3 and N3-C4, Table 2 ). [13] 
. The positions of amino H atoms were obtained from difference Fourier map while the remaining H atoms were placed in idealized positions (N-H = 0.86 Å, C-H methylen = 0.97 Å). All H atoms were constrained to ride on their parent atoms, with U iso (H) = 1.2U eq (C or N).
The hydantoin moieties are almost planar with r.m.s. deviation of 0.025 (7), 0.023(2) and 0.011(8) Å for molecules (IA), (IB) and (II). The presence of a spiro center (C5) explains the longer C5-C4 bond distances in (I) and (II), (1.519(4), 1.518(4) and 1.523(3) Å respectively) in comparison with those in hydantoin (1.460(3) Å). In (I) the cycloheptane ring adopts a twist-chair (TC) (molecule IB) and a distorted chair (C) (molecule IA) conformations [17] , while the cycloheptane ring in both non-amino cycloheptanespirohydantoindione [14] and cycloheptanespirohydantoindithione [18] derivatives adopts only a TC conformation. The cyclooctane ring in (II) adopts a boat-chair (BC) conformation [19] which is consistent with observed conformations in cyclooctanespirohydantoin [15] and cyclooctanespirohydantoindithione [18] . The angle between the mean planes of the cycloalkane (C5/C6/C7/C8/C9/C10/C11/C12) and hydantoin (N1/C2/N3/C4/C5) rings is 74.2(2)º, 85.0(2)º and 62.6(2)º for (IA), (IB) and (II); respectively, the values for (II) are comparable with those in non-amino [15] (59.6º) and thio cyclooctanespirohydantoines [18] (61.1º). The value for (IA) is also comparable to the one observed in cycloheptanespirohydantoindione [14] (72.4º) and cycloheptanespirohydantoindithione [18] (72.3º) while this is not the case for the (IB) value which is greater by ~ 12º. The two independent molecules in (I) participate in the hydrogen bonding in quite a different manner (Fig. 2) . (Table 3 ) to form infinite [011] layers (Fig. 2) . of one hydrogen bond. In (IB) the amino group participates in the hydrogen bonding pattern only as donor. In (II) the amino group is also completely involved in the hydrogen bonding. In both compounds the polar hydantoin groups cause molecules to aggregate via N-H…O and N-H…N hydrogen bonding interactions, forming a layer structure, in which the non-polar cycloalkane rings project outwards, on both external, bordering sides of the layers, from the central, more polar, region. The layers are stacked along the a axis.
Crystal packing
The only inter-layer connections are Van der Waals attraction forces. 
DFT calculations
The C-C and C-N bond distances characterizing the hydantoin moiety in the DFT calculated models are slightly longer than those determined experimentally (Table 2) The differences between calculated and observed geometry of the cycloalkane rings could be attributed to the crystal packing of the molecules. In all reported cycloheptanespiro-5-hydantoins [14, 18] the preferred conformation for the cycloheptane moiety is TC. The DFT calculations showed that the C conformer is slightly less stable than the TC conformer by 1.48 kcal mol -1 . The difference in energy between the two conformers is not considerable and this is probably why they co-exist in the crystal structure. The computed C/TC energies difference of 1.83 kcal mol -1 for cycloheptanespiro-5-hydantoin is similar, although slightly enhanced. It would be interesting to check if such a small energy difference will be sufficient to produce a second polymorph modification of (I), likewise the recently reported two polymorph modifications of cyclohexaneaminospiro-5-hydantoine [7] . The cycloalkane and hydantoin structural parameters are not influenced by the presence of the supplementary amino group. The hydantoin geometry is also practically unaffected by the TC/C change of the cycloheptane conformation. The fact that the molecules in the pair's of cycloalkanespiro-5-hydantoin and their 3-aminoderivatives with 6-, 7-and 8-membered rings are structurally very similar gave rise to the assumption that the differences in the biological activity, anticonvulsant vi. inducing seizures [5] , could be explained only by the contribution of the amino substituent, although this is clearly an oversimplification. First, we know from previous studies [20] [21] that pharmacophore centre (N3) in 5,5-disubstituted hydantoins is more acidic than the corresponding (N1) centre. In (I) and (II) the acid centres are inverted when compared with results for cycloalkanes-, 5,5disubstituted-and hydantoindiones [16, [20] [21] as the relative acidity of NH is superior to NH 2 . The computed net charge distribution for (N1) and (N4) atoms in molecules (IA), (IB) and (II) are 0.167(N1), 0.333(N4); 0.216(N1), 0.393(N4) and 0.106(N1), 0.267(N4) respectively. Although not affecting the structural parameters the amino substitution affects the hydrogen bonding pattern of the hydantoin part. The main difference is that the (N4) centre in 3-aminohydantoins participates as a donor in two and as an acceptor in one interaction while (N3) centre (before substitution) is a single donor (Fig. 4) . Thus the change in the biological activity can be attributed either to the different hydrogen bonding pattern associated with the amino substituent (change of hydrogen bond directions) or with the inverted charge distribution (e.g. acidity, polarizability) of (N1) and (N4) centres when compared with (N3)/(N1) centres in nonaminohydantoins.
Conclusions
The cycloheptane and cyclooctane 3-amino-spiro-5-hydantoins exhibit crystal structure build of [011] layers based on hydrogen bonding of the polar hydantoin moieties, hiding them in the inner part of the plane, with non-polar, cycloalkane groups out in the open outer sides of the layers. Such manner of crystal packing is commonly observed for substituted spirohydatoindiones while the cyclohexane, cycloheptane, and cyclooctane non-amino spirohydantoindithiones show structures where the molecules are hydrogen bonded to build one dimensional chains only. Comparison of experimental structural results for reported compounds and NIVZOH, OCSHYD [14, 15] shows that the additional amino group and differences in hydrogen bonding pattern do not modify significantly the geometrical parameters of (I) and (II). In (I) and (II) the activation/deactivation of seizures is controlled by the hydantoin moiety, especially by the (N1) centre and the substituent present in position (N3), while the cycloalkane size influences only the degree of the induced activity.
Supplementary data
Crystallographic data (excluding structure factors) for the structural analysis have been deposited with the Cambridge Cryatallographic Data Centre, CCDC 647639 & 647640. These data can be obtained free of charge via www.ccdc.cam.ac.uk or from the Cambridge Crystallographic Data Center, 12, Union Road, Cambridge CB2 1EZ, UK (fax: +44-1223-336033).
